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The utilization of potato waste liquid instead of synthetic substrates for lactic acid production cannot only reduce the 
production cost but also makes the process environment effective. Unlike many lactic acid bacteria, lactic acid 
producing Rhizopus strains generates L(+) lactic acid as a sole isomer of lactic acid. Furthermore, some Rhizopus 
spp. are amylolytic in nature and can produce lactic acid from starchy substrates without prior saccharifi cation. This 
study aimed at the utilization of potato waste liquid for the production of L(+) lactic acid using amylolytic Rhizopus 
oryzae MTCC 8784. The effect of media components and process parameters on simultaneous saccharifi cation and 
fermentation of potato waste liquid by fungal strain has been studied to maximize the production of L(+) lactic acid. 
The results revealed that highest lactic acid production (15.5 g l–1) was obtained with potato waste liquid containing 
30 g l–1 starch supplemented with soya okara hydrolysate (1.5%, v/v), calcium carbonate (1.5%, w/v), and salts. In 
terms of process parameters, the maximum L(+) lactic acid (18.15 g l–1) production was obtained at pH 6 with 
temperature 30 °C, agitation of 150 r.p.m., after incubation period of 48 h.
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The environmental concerns and legislation has enforced the agro-industries along with 
researchers to fi nd alternatives for the management of residual by-products. The eco-friendly 
processing of these residues through biotechnological route and their fermentable capability 
makes them attractive substrates to produce a range of value added products like lactic acid. 
It is one of the most important organic acids, which is being extensively used in food, 
cosmetic, pharmaceutical and chemical industries. The worldwide demand for lactic acid is 
nearly 300 000–400 000 tonnes per year and is projected to be increased rapidly in the near 
future (NATTRASS & HIGSON, 2011). Among two optical isomers, i.e. D(–) lactic acid and L(+) 
lactic acid, L(+) isomer is generally preferred for food and pharmaceutical industries, since 
elevated levels of D(–) isomer can be harmful for human consumption (HUANG et al., 2005). 
Lactic acid was originally produced from pure substrates like glucose, but many investigations 
have been put forth for its production using agro-industrial residues (GHAFFAR et al., 2014).
In the global context, India is the third largest producer of potatoes and has enough 
quantity to process them in different products to meet the domestic demand and to earn 
foreign exchange. Fresh potatoes can be processed into several value added fried and non-
fried products like chips, french fries, fl akes, etc. (PANDEY et al., 2009). However, during 
processing of potatoes in food industries, a large amount of wastewater streams has been 
released. This waste water contains high concentration of organic compounds that are 
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responsible for high biological oxygen demand and also responsible for environment 
pollution, if not properly treated (BERTOLA et al., 1999). The presence of appreciable amount 
of starch, proteins, vitamins, minerals, and other nutrients in waste water could be utilized 
cheaply as substrate for the microorganism growth, especially the fungi, which can be further 
employed for the production of lactic acid.
The lactic acid producing Rhizopus strains are preferred to lactic acid bacteria, as they 
generate L(+) lactic acid as a sole isomer of lactic acid, can grow better under nitrogen 
limited environments, and have easy downstream processing because of their fi lamentous or 
pellet forms. Furthermore, fungal cultures, such as Rhizopus spp., are amylolytic and can 
produce lactic acid from starchy substrates such as potato starch without prior saccharifi cation, 
which makes the fermentation process cost and time effective. In addition, fungal biomass 
(by-product of lactic acid fermentation) can be used in several other value added processes, 
like chitosan production, as additive in animal feeds, and in biosorption processes for 
purifi cation of contaminated effl uents (ZHANG et al., 2007).
The perusal of available literature for utilization of potato waste liquid for L(+) lactic 
acid production using Rhizopus strains has been found to be very limited. Keeping this in 
view, the present study has been undertaken for the production of lactic acid from waste 
potato starch using amylolytic Rhizopus oryzae strain and to identify the effect of media 
components and process parameters on simultaneous saccharifi cation and fermentation.
1. Materials and methods
1.1. Procurement and maintenance of microbial strain
The pure culture of amylolytic Rhizopus oryzae MTCC 8784 was procured from Microbial 
Type Culture collection Centre, Institute of Microbial Technology (IMTECH), Chandigarh, 
India. Fungal culture was grown in potato dextrose broth for 7 days and then slants of fungal 
spores were prepared on potato dextrose agar and stored at 4 °C. Mycelium of freshly grown 
culture was used as inoculum for lactic acid production.
1.2. Procurement of potato waste liquid
Waste potato starch (waste water) was procured from Pepsico India Holdings Pvt. Ltd., Frito-
Lay Division, Channo, Sangrur, Punjab (India). The potato waste liquid was fi ltered by 
muslin cloth to remove the solid/suspended particles, sterilized, and stored at 4 °C till further 
use. The initial starch concentration in waste water was found to be 54.23±2.57 g l–1 with 
2.58±0.49% sugars, 0.31±0.03% protein, 0.24±0.12% total dry matter, and pH 5.74±0.26.
1.3. Preparation of starter culture
The spores of Rhizopus oryzae MTCC 8784 were grown on the potato dextrose agar slants at 
30 °C for 7 days and were collected using an inoculation loop and suspended in sterilized 
distilled water containing Tween 80 (1 ml). A 250 ml Erlenmeyer fl ask containing 100 ml of 
the potato dextrose broth was inoculated with a fi nal concentration of 105 spores/ml and 
incubated at 30 °C for 12 h with 150 r.p.m. This overnight culture, as seed culture, was used 
to initiate fungus growth in potato waste liquid containing fermentation medium.
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1.4. Fermentation medium
The fermentation medium comprised of potato waste liquid (100 ml) having soya okara 
hydrolysate (1%, v/v); KH2PO4 (200 mg, w/v), MgSO4 (200 mg, w/v), and calcium carbonate 
(1%, w/v). Soya okara hydrolysate was prepared by treating dry soya okara powder (28±2.14% 
crude protein) with 0.75% of concentrated H2SO4 and heated in water bath at 70 °C for about 
4 h and then fi ltered using muslin cloth. The fi ltrate was used for fermentation after neutralizing 
the pH to 7.0. The fermentation medium was autoclaved at 121 °C for 20 min, inoculated 
with aliquots 3 ml of seed culture (unless or otherwise specifi ed) and further incubated at 
30 °C for 72 h at 100 r.p.m.
1.5. Optimization of media components and process parameters
The concentration of media components like starch content (10–50 g l–1), soya okara 
hydrolysate (0.5–2.5 %, v/v), and calcium carbonate (0.5–3 %, w/v) was varied in fermentation 
media to study the effect of individual component on lactic acid production using potato 
waste liquid by R. oryzae MTCC 8784. The fl asks were further incubated at 30 °C with 
agitation of 100 r.p.m. and incubation period of 72 h (Orbital Shaking Incubator, MAC, 
Macro Scientifi c Works Pvt. Ltd., India).
The effect of different process parameters like pH (4.0–7.0), incubation temperature 
(25–40 °C), inoculum size (1–5 ml of seed culture), agitation rate (50–200 r.p.m.), and 
incubation time (12–72 h) has been studied to fi nd the optimum values, which can maximize 
the lactic acid production using potato waste liquid.
1.6. Analytical techniques
The fermented broth obtained after centrifugation of fungal mycelium was used for the 
determination of lactic acid and residual starch content. Lactic acid estimation was 
accomplished using high performance liquid chromatograph (HPLC) system (Shimadzu, 
Asia Pacifi c, PTE Ltd, Singapore) following the method of KISHORE and co-workers (2013). 
Samples were fi ltered by 0.20 μm membrane fi lters and lactic acid concentration has been 
estimated by HPLC using C18 column and UV detector with absorbance at 210 nm. The 
mobile phase was prepared with 10 mM phosphate buffer (95%) containing acetonitrile (5%) 
with pH 3 and fl ow rate was adjusted to 1.00 ml min–1.
Starch content was measured by iodine method, in which fermentation broth (10 ml) 
was centrifuged to pellet out the fungal mycelium and supernatant was diluted 5 times with 
distilled water. To 10 ml of the sample, 1 ml of iodine solution (0.15% iodine + 1.5% 
potassium iodide) was added. The mixture was vortexed and the absorbance of the resultant 
blue coloured complex was measured at 585 nm with spectrophotometer (NAKAMURA, 1981). 
The starch degradation was calculated by subtracting the starch content of the sample from 
un-inoculated broth, whereas the concentration of the residual starch in each of the supernatant 
was determined from a standard curve.
2. Results and discussion
The simultaneous saccharifi cation and fermentation for lactic acid production by R. oryzae 
8784 using potato waste liquid was studied with respect to different media compositions and 
process parameters. The results obtained during different experimentation have been 
discussed in subsequent paragraphs.
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2.1. Effect of starch concentration
Starch has been considered as raw material for various fermentation processes because of its 
abundance and low price. However, when high concentration of starch is used in medium, an 
increase in viscosity of the medium due to gelatinization by heat will reduce the microbial 
growth. Therefore, the potato waste liquid containing different concentrations of starch has 
been utilized for L(+) lactic acid production. The results revealed that the concentration of 
lactic acid and starch degradation initially increased with an increase in starch content present 
in potato waste liquid media but then decreased. The starch concentration up to 30 g l–1 was 
utilized by the R. oryzae MTCC 8784 to give highest lactic acid (13.56 g l–1) production and 
starch utilization (52.49 %, w/v) as shown in Figure 1. The results were comparable with 
previous reports, in which the highest yield of lactic acid was obtained as the starch 
concentration varied from 20 to 40 g l–1, as this starch is more accessible to the enzymes 
secreted during the fungal growth (JIN et al., 2003).
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Fig. 1. Effect of starch concentration on lactic acid production using potato waste liquid by R. oryzae MTCC 8784 
 : lactic acid, g l–1;  : starch utilization, %, w/v
2.2. Effect of nitrogen concentration
Okara, a by-product of soya milk and tofu has been reported to be rich in protein (4.8%), fat 
(3.6%), starch and sugar (6.4%), and fi bre (3.3%) making it a potentially suitable substrate 
for microbial fermentation (LI et al., 2013). Therefore, the concentration of soya okara 
hydrolysate as a cheap nitrogen source has been varied from 0.5–2% (v/v) for the production 
of L(+) lactic acid by R. oryzae MTCC 8784. The maximal values for lactic acid production 
(14.12 g l–1) and starch utilization (57.21 %) were observed with 1.5% (v/v) soya okara 
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hydrolysate and further the trend was reversed (Fig. 2). The utilization of pure nitrogen 
source like yeast extract, urea, peptone, etc. for lactic acid production may be economically 
unfavourable, because lactic acid is relatively a cheap product. To replace these refi ned and 
costly sources, the application of agricultural resources is promising to be used as an alternate 
(TANAKA et al., 2006). Moreover, addition of nitrogen source in fermentation media enhances 
mycelium growth and promotes lactic acid production (YUWA-AMORNPITAK & CHOOKIETWATTANA, 
2014).
4
6
8
10
12
14
16
25.115.0
Soya okara hydrolysate, %, v/v
La
ct
ic 
ac
id
, g
 l–1
 
45
47.5
50
52.5
55
57.5
60
St
ar
ch
 u
til
iza
tio
n
, 
%
, w
/v
 
Fig. 2. Effect of soya okara hydrolysate concentration on lactic acid production using potato waste liquid by R. 
oryzae MTCC 8784  : lactic acid, g l–1; : starch utilization, %, w/v
2.3. Effect of calcium carbonate
Neutralizing agents are generally added during lactic acid production, as high production of 
acid can decrease the pH of fermentation medium, which further affects the microbial growth. 
Therefore, addition of calcium carbonate (CaCO3) retards the extreme decline of medium 
acidity (KURNIAWATI et al., 2014). During optimization of CaCO3 concentration, the lactic acid 
production (15.5 g l–1) was found to be increasing with an increase of CaCO3 up to 1.5% (Fig. 
3). The supplementation of 1.0% (w/v) of CaCO3 has been reported to be suffi cient for 
maintaining a growth pH to achieve an optimum cell growth and lactic acid production by 
Rhizopus cultures (HUANG et al., 2005).
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Fig. 3. Effect of calcium carbonate concentration on lactic acid production using potato waste liquid by R. oryzae 
MTCC 8784  : lactic acid, g l–1; : starch utilization, %, w/v
2.4. Effect of pH and temperature
The effects of hydrogen ion concentration (pH 4.0–7.0) and temperature (25–40 °C) to 
enhance lactic acid production using R. oryzae MTCC 8784 were evaluated. The production 
increased with an increase in pH, however, the highest production of lactic acid (15.5 g l–1) 
was observed at pH 6, and further increase in pH lead to decrease in lactic acid production 
(Fig. 4). The results also indicated that starch utilization was better at pH 6, which revealed 
that R. oryzae MTCC 8784 had a high enzymatic capability for saccharifi cation of potato 
waste liquid at pH 6. The results are in agreement with previous reports, where Rhizopus sp. 
had a high enzymatic capability for saccharifi cation of leftover bits and pieces of potato 
starch in the pH range of 4.8–7.0 (SHI et al., 2013).
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Fig. 4. Effect of pH on lactic acid production using potato waste liquid by R. oryzae MTCC 8784   
: lactic acid, g l–1; : starch utilization, %, w/v
The impact of the cultivation temperature on fermentation revealed that L(+) lactic acid 
production (15.5 g l–1) and starch utilization (57.53%, w/v) by R. oryzae MTCC 8784 was 
achieved best at 30 °C (Fig. 5). Temperature is found to be an important process operation 
factor that affects lactic acid production, where for Rhizopus sp. fermentation temperature in 
a range of 27–35 °C has been used widely in previous investigations (RUENGRUGLIKIT & 
HANG, 2003; PARK et al., 2004; HUANG et al., 2005).
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Fig. 5. Effect of incubation temperature on lactic acid production using potato waste liquid by R. oryzae 
MTCC 8784  : lactic acid, g l–1; : starch utilization, %, w/v
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Effect of inoculum size. The infl uence of inoculum size (based on concentration of seed 
culture) on lactic acid production has been investigated. The results showed that lactic acid 
production (17.12 g l–1) increased with an increase of seed culture concentration up to 4 ml 
and then decreased (Fig. 6). The decrease in lactic acid production and starch utilization at 
high inoculum size may be due to the formation of irregular masses of fungal mycelium in 
the fermentation medium at high concentration, which may further limit the nutrient and 
dissolved oxygen uptake.
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Fig. 6. Effect of inoculum size on lactic acid production using potato waste liquid by R. oryzae MTCC 8784
: lactic acid, g l–1; : starch utilization, %, w/v
Effect of agitation. Fungal cultures especially moulds need high agitation rate for their 
growth and product formation. Therefore, the effect of agitation speed (50–200 r.p.m.) on 
lactic acid production by R. oryzae MTCC 8784 was screened. It has been observed that 
lactic acid (17.95 g l–1) was produced with highest rate at 150 r.p.m. (Fig. 7). However, 
further increase in agitation resulted in decreased production of lactic acid, which may be due 
to that high shear stresses with increasing agitation speed can cause undesirable effects on 
mycelial cell growth, biomass formation, and product yield (MARTAK et al., 2003).
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Fig. 7. Effect of agitation on lactic acid production using potato waste liquid by R. oryzae MTCC 8784
: lactic acid, g l–1; : starch utilization, %, w/v
Effect of incubation time. Rhizopus oryzae MTCC 8784 produced maximum lactic acid 
(18.15 g l–1) after 48 h of incubation period with starch utilization of 60.14% (w/v). It was 
also observed that starch was maximally utilized (65.12%) after 72 h but the lactic acid 
production decreased after 48 h (Fig. 8). Moreover, the growth curve of R. oryzae MTCC 
8784 showed maximum cell biomass (57.12 g l–1, wet basis) after 72 h of incubation period 
at 30 °C (Fig. 8). These phenomena may be explained by that a fast starch hydrolysis resulted 
in producing high quantity of reducing sugars, in particular glucose, leading to a fast fungal 
cell growth. On the other hand, the high glucose accumulated may inhibit the lactic acid 
formation (HUANG et al., 2005). Therefore, it is important to fi nd the optimal incubation time 
to control the fermentation process to maximize lactic acid production.
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Fig. 8. Effect of incubation time on lactic acid production using potato waste liquid by R. oryzae MTCC 8784
 : lactic acid, g l–1;  : starch utilization, % w/v;  : biomass (wet basis) g l–1
3. Conclusions
Rhizopus oryzae MTCC 8784 showed good amylolytic activity to produce lactic acid from 
starchy waste substrates without prior saccharifi cation. Optimization of media components 
and process parameters enhanced the performance of Rhizopus species in lactic acid 
production and starch utilization. The effect of media components revealed highest production 
of lactic acid (15.5 g l–1) with potato waste liquid supplemented with soya okara hydrolysate, 
salts, and calcium carbonate. In terms of process parameters, the maximum L(+) lactic acid 
production (18.15 g l–1) was obtained after 48 h using Rhizopus oryzae MTCC 8784.
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